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(57) ABSTRACT 

First, second, and third trenches are formed in a layer over 
a substrate. The third trench is substantially wider than the 
first and second trenches. The first, second, and third 
trenches are partially filled with a first conductive material. 
A first anti-reflective material is coated over the first, second, 
and third trenches. The first anti-reflective material has a first 
Surface topography variation. A first etch-back process is 
performed to partially remove the first anti-reflective mate 
rial. Thereafter, a second anti-reflective material is coated 
over the first anti-reflective material. The second anti-reflec 
tive material has a second surface topography variation that 
is Smaller than the first Surface topography variation. A 
second etch-back process is performed to at least partially 
remove the second anti-reflective material in the first and 
second trenches. Thereafter, the first conductive material is 
partially removed in the first and second trenches. 
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1. 

LOADING EFFECT REDUCTION THROUGH 
MULTIPLE COATETCH PROCESSES 

PRIORITY DATA 

This application claims priority to Provisional Patent 
Application No. 62/273,522, filed Dec. 31, 2015, and 
entitled "Loading Effect Reduction Through Multiple Coat 
Etch Processes, the disclosure of which is hereby incorpo 
rated by reference in its entirety. 

BACKGROUND 

The semiconductor integrated circuit (IC) industry has 
experienced rapid growth. Technological advances in IC 
materials and design have produced generations of ICs 
where each generation has Smaller and more complex cir 
cuits than the previous generation. In the course of inte 
grated circuit evolution, functional density (i.e., the number 
of interconnected devices per chip area) has generally 
increased while geometry size (i.e., the Smallest component 
(or line) that can be created using a fabrication process) has 
decreased. 
The ever-shrinking geometry size brings challenges to 

semiconductor fabrication. For example, as the device sizes 
become Smaller, variations in device density or size across 
different parts of the semiconductor device may cause 
loading problems. The loading problems may lead to unde 
sirably high resistance, for example. 

Therefore, while existing semiconductor fabrication tech 
nologies have been generally adequate for their intended 
purposes, they have not been entirely satisfactory in every 
aspect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are understood from the 
following detailed description when read with the accom 
panying figures. It is emphasized that, in accordance with 
the standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various 
features may be arbitrarily increased or reduced for clarity of 
discussion. 

FIGS. 1-14 are diagrammatic fragmentary cross-sectional 
side views of a semiconductor device at various stages of 
fabrication in accordance with embodiments of the present 
disclosure. 

FIG. 15 is a flowchart illustrating a method of fabricating 
a semiconductor device in accordance with embodiments of 
the present disclosure. 

DETAILED DESCRIPTION 

It is to be understood that the following disclosure pro 
vides many different embodiments, or examples, for imple 
menting different features of the invention. Specific 
examples of components and arrangements are described 
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below to simplify the present disclosure. These are, of 60 
course, merely examples and are not intended to be limiting. 
Moreover, the formation of a first feature over or on a second 
feature in the description that follows may include embodi 
ments in which the first and second features are formed in 
direct contact, and may also include embodiments in which 
additional features may be formed interposing the first and 
second features, such that the first and second features may 
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2 
not be in direct contact. Various features may be arbitrarily 
drawn in different scales for the sake of simplicity and 
clarity. 

FIGS. 1-14 are diagrammatic fragmentary cross-sectional 
side views of a semiconductor device 35 undergoing various 
stages of fabrication according to embodiments of the pres 
ent disclosure. The semiconductor device 35 has a substrate 
40. In some embodiments, the substrate 40 is a silicon 
substrate doped with a P-type dopant such as boron (for 
example a P-type substrate). Alternatively, the substrate 40 
could be another suitable semiconductor material. For 
example, the substrate 40 may be a silicon substrate that is 
doped with an N-type dopant such as phosphorous or arsenic 
(an N-type substrate). The substrate 40 may alternatively be 
made of Some other Suitable elementary semiconductor, 
Such as diamond or germanium; a suitable compound semi 
conductor, Such as silicon carbide, indium arsenide, or 
indium phosphide; or a suitable alloy semiconductor, Such as 
silicon germanium carbide, gallium arsenic phosphide, or 
gallium indium phosphide. Further, the substrate 40 could 
include an epitaxial layer (epi-layer), may be strained for 
performance enhancement, and may include a silicon-on 
insulator (SOI) structure. 

Referring back to FIG. 1, shallow trench isolation (STI) 
features 45 are formed in the substrate 40. The STI features 
45 are formed by etching recesses (or trenches) in the 
substrate 45 and filling the recesses with a dielectric mate 
rial. In the present embodiment, the dielectric material of the 
STI features 45 includes silicon oxide. In alternative 
embodiments, the dielectric material of the STI features 45 
may include silicon nitride, silicon oxy-nitride, fluoride 
doped silicate (FSG), and/or a low-k dielectric material 
known in the art. In other embodiments, deep trench isola 
tion (DTI) features may be formed in place of, or in 
combination with, the STI features 45. 
A dummy gate dielectric layer 80 is formed over the 

substrate 40. The dummy gate dielectric layer 80 may 
contain a dielectric material Such as silicon oxide or silicon 
nitride. The dummy gate dielectric layer 80 will be removed 
as a part of a gate replacement process discussed below. 

Referring now to FIG. 2, gate structures 120A, 120B, and 
120C are formed over the substrate 40. The gate structure 
120A includes dummy gate dielectric film 80A, dummy gate 
electrode 130A, and spacers 150A. The gate structure 120B 
includes dummy gate dielectric film 80B, dummy gate 
electrode 130B, and spacers 150B. The gate structure 120C 
includes dummy gate dielectric film 80C, dummy gate 
electrode 130C, and spacers 150C. 
The formation of the gate structures 120A-120B may 

include depositing a gate electrode layer 130 and thereafter 
patterning the gate electrode layer 130 and the layers ther 
ebelow (e.g., the dummy gate dielectric layer 80) with 
patterned hard masks 140A, 140B, and 140C, respectively. 
The gate electrodes 130A, 130B, and 130C are dummy gate 
electrodes for the gate structure 120B. In some embodi 
ments, the gate electrodes 130A, 130B, and 130C each 
include a polysilicon material. These dummy gate electrodes 
130A, 130B, and 130C will be removed and replaced by 
functional (e.g., metal) gate electrodes in a gate replacement 
process discussed below. 
The hard masks 140A, 140B, and 140C include a dielec 

tric material, such as silicon oxide or silicon nitride. The gate 
spacers 150A, 150B, and 150C also include a dielectric 
material. In some embodiments, the gate spacers 150A, 
150B, and 150C include silicon nitride. In alternative 
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embodiments, the gate spacers 150A, 150B, and 150C may 
include silicon oxide, silicon carbide, silicon oxy-nitride, or 
combinations thereof. 
The gate structure 120A is formed to have a lateral 

dimension 160A, the gate structure 120B is formed to have 
a lateral dimension 160B, and the gate structure 120C is 
formed to have a lateral dimension 160C. As is shown in 
FIG. 2, the lateral dimension 160C is substantially greater 
than the lateral dimensions 160A and 160B. In some 
embodiments, the lateral dimension 160C exceeds the lateral 
dimensions 160A or 160B by a factor of 3 or more. In other 
words, the gate structure 120C is at least 3 times as wide (or 
wider) than either the gate structure 120A or the gate 
structure 120B. Meanwhile, the lateral dimensions 160A and 
160B may not be too different from one another. In some 
embodiments, the lateral dimensions 160A and 160B are 
equal to one another. In other embodiments, the lateral 
dimension 160A is within about 50% to about 200% of the 
lateral dimension 160B, or vice versa. The substantially 
greater lateral dimension 160C (compared to the lateral 
dimensions 160A or 160B) may cause loading problems, 
which will be discussed below in more detail. 

Heavily doped source and drain regions 200A, 200B and 
200C (also referred to as S/D regions) are formed in the 
substrate 40 after the formation of the gate structures 120A, 
120B, and 120C. The heavily doped source/drain regions 
200A are formed on opposite sides of the gate structure 
120A, the heavily doped source/drain regions 200B are 
formed on opposite sides of the gate structure 120B, and the 
heavily doped source/drain regions 200C are formed on 
opposite sides of the gate structure 120C. The S/D regions 
200A-200B may be formed by an ion implantation process 
or a diffusion process known in the art. 
As is illustrated in FIG. 2, the source/drain regions 200A, 

200B and 200C are aligned with the outer boundaries of the 
gate spacers 150A, 150B, and 150C, respectively. Since no 
photolithography process is required to define the area or the 
boundaries of the source/drain regions 200A, 200B, and 
200C, it may be said that the source/drain regions 200A. 
200B and 200C are formed in a “self-aligning manner. One 
or more annealing processes are performed on the semicon 
ductor device 35 to activate the source/drain regions 200A. 
200B and 200C. It is also understood that in some embodi 
ments, lightly-doped source/drain (LDD) regions may be 
formed in the substrate before the gate spacers are formed, 
but for reasons of simplicity, the LDD regions are not 
specifically illustrated herein. 

Referring now to FIG. 3, an inter-layer (or inter-level) 
dielectric (ILD) layer 220 is formed over the substrate 40 
and over the gate structures 120A, 120B, and 120C. The ILD 
layer 220 may be formed by chemical vapor deposition 
(CVD), high density plasma CVD, spin-on, sputtering, or 
other suitable methods. In an embodiment, the ILD layer 
220 includes silicon oxide. In other embodiments, the ILD 
layer 220 may include silicon oxy-nitride, silicon nitride, or 
a low-k material. 

Referring to FIG. 4, a polishing process 230 (for example 
a chemical-mechanical-polishing (CMP) process) is per 
formed on the ILD layer 220 to remove portions of the ILD 
layer 220. The polishing is performed until a top surface of 
the dummy gate electrodes of gate structures 120A, 120B 
and 120C is exposed. The hard masks 140A, 140B and 140C 
are also removed by the polishing process 230. 

Referring now to FIG. 5, one or more etching processes 
may be performed to remove the dummy gate electrodes 
130A, 130B, and 130C, thereby forming openings or 
trenches 270A, 270B, and 270C. 
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4 
Referring to FIG. 6, a gate dielectric layer 300 is formed 

over the substrate 40 and over the ILD layer 220, partially 
filling the openings/trenches 270A, 270B, and 270C. In 
some embodiments, the gate dielectric layer 300 is formed 
by an atomic layer deposition (ALD) process. The gate 
dielectric layer 300 includes a high-k dielectric material. A 
high-k dielectric material is a material having a dielectric 
constant that is greater than a dielectric constant of SiO2, 
which is approximately 4. In an embodiment, the gate 
dielectric layer 300 includes hafnium oxide (H?O2), which 
has a dielectric constant that is in a range from approxi 
mately 18 to approximately 40. In alternative embodiments, 
the gate dielectric layer 300 may include one of ZrO2. 
Y2O3, La2O5, Gd2O5, TiO2, Ta2O5, HfErO, HfLaO, 
HfYO, HfGdO, HfAlO, Hf/rC), HfTiO, HfTaO, and SrTiO. 

It is understood that an interfacial layer may be optionally 
formed before the formation of the gate dielectric layer 300 
in some embodiments. The interfacial layer may be formed 
by an atomic layer deposition (ALD) process and may 
contain silicon oxide (SiO2). The gate dielectric layer 300 
would then be formed on the interfacial layer. 
A work function layer 310 is formed over the gate 

dielectric layer 300. The work function layer 310 contains a 
conductive material Such as a metal or metal compound. In 
various embodiments, the work function layer 310 may 
contain materials such as titanium nitride (TiN) material, 
tungsten (W), tungsten nitride (WN), or tungsten aluminum 
(WAI). The work function layer 310 is configured to tune the 
work function of gates (to be formed in Subsequent pro 
cesses) of transistors, such that a desired threshold Voltage 
may be achieved for the transistor. In some embodiments, 
the work function layer has a thickness in a range from about 
10 angstroms to about 50 angstroms. 

It is understood that a capping layer may also be formed 
between the gate dielectric layer 300 and the work function 
layer 310. In some embodiments, the capping layer contains 
a lanthanum oxide material (LaOX, where X is an integer). In 
other embodiments, the capping layer can contain rare earth 
oxides such as LaCox, GdOx, DyOX, or ErOX. The capping 
layer may work in conjunction with the work function layer 
310 to help tune the work function of the gates. 

Referring now to FIG. 7, an anti-reflective material 330 is 
formed over the work function layer 310. The anti-reflective 
material 330 may be formed by a coating process. The 
anti-reflective material 330 completely fills the openings/ 
trenches 270A, 270B, and 270C. In some embodiments, the 
anti-reflective material 330 includes a bottomanti-reflective 
coating (BARC), which may contain an organic material. 
The BARC material is configured to suppress problems 
associated with reflection by the layers below during a 
photolithography process to be performed Subsequently. 
As is shown in FIG. 7, a portion 330A of the anti 

reflective material disposed above the opening/trench 270A 
has a greater height (i.e., taller) than a portion 330B of the 
anti-reflective material disposed above the opening/trench 
270B, and the portion 330B of the anti-reflective material 
has a greater height (i.e., taller) than a portion 330C of the 
anti-reflective material disposed above the opening/trench 
270C. For example, a height difference 340A exists between 
the portion 330A and the portion 330B of the anti-reflective 
material. 

This height discrepancy or unevenness is caused by 
loading effects, for example due to the fact that the trench 
270C is closed adjacent to, but is also substantially wider 
than, the trenches 270A and 270B. As advanced semicon 
ductor fabrication technology nodes continue to shrink 
device sizes (including the respective sizes of the trenches 
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270A, 270B, and 270C), the loading effect may become 
exacerbated, which may manifest itself as an even greater 
unevenness among the upper Surfaces of the different por 
tions of the anti-reflective material 330. This issue, if left 
unaddressed, may lead to problems such as poor trench 
filling (especially in the trench 270A) during a metal gate 
electrode formation process discussed below. This could 
cause problems such as excessive resistance gate, among 
other drawbacks. 
The present disclosure addresses this issue by performing 

multiple anti-reflective coating and etch-back processes. 
Referring now to FIG. 8, an etch-back process 350 is 
performed to the anti-reflective material 330. The etch-back 
process 350 is configured to etch away the anti-reflective 
material 330 without substantially etching the materials 
other than the anti-reflective material 330. For example, the 
work function layer 310 is substantially unaffected by the 
etch-back process 350. 

In the embodiment shown in FIG. 8, after the performance 
of the etch-back process 350, the portion 330A of the 
anti-reflective material may be barely coming out of the 
opening/trench 270A, the portion 330B of the anti-reflective 
material may be partially filling the opening/trench 270B 
(i.e., a top portion of the opening/trench 270B is unfilled), 
and the portion 330C of the anti-reflective material may also 
be filling the opening/trench 270C. In other embodiments, 
the portion 330A of the anti-reflective material may also be 
sufficiently etched-back such that it no longer fills the 
opening/trench 270A completely. In any case, the end result 
of the etch-back process 350 is that the trenches 270A, 
270B, and 270C are either filled or partially filled such that 
the aspect ratio (e.g., depth VS width) of the remaining 
“trench is reduced, which will make any subsequent depo 
sition in the trench easier. 

Referring now to FIG. 9, an additional coating process is 
performed to form additional anti-reflective material 330 
over the existing anti-reflective material and over the work 
function metal layer 310. In some embodiments, the addi 
tional anti-reflective material 330 has the same material 
composition as the anti-reflective material 330 formed in the 
previous coating process discussed above with reference to 
FIG. 7. Consequently, the heights of the portions 330A, 
330B, and 330C of the anti-reflective material are increased. 
However, the anti-reflective material 330 has a different 
surface topography than what is shown in FIG. 7 (i.e., before 
the etch-back process 350 was performed). In FIG. 7, the 
surface topography of the anti-reflective material 330 is such 
that the different portions 330A, 330B, 330C have relatively 
large differences in height, which as discussed above is 
caused by loading effects. In comparison, the Surface topog 
raphy of the anti-reflective material 330 in FIG.9 is such that 
the height differences between the portions 330A, 330B, and 
330C are reduced. Stated differently, the portion 330A may 
still be taller than the portion 330B, which may still be taller 
than 330C, but the height difference between the portion 
330A and 330B (or 330B and 330C) is substantially smaller 
than compared to the case in FIG. 7. 

For example, a height difference 340B exists between the 
portion 330A and the portion 330B of the anti-reflective 
material. In some embodiments, the height difference 340B 
is reduced by at least 50% (or more) compared to the height 
difference 340A shown in FIG. 7. In some embodiments, the 
height difference 340B between the portions 330A and 330B 
in FIG. 9 may even reach 0. The reduction in the height 
difference 340A to 340B is attributed to the fact that the 
additional anti-reflective material 330 is coated on existing 
anti-reflective material 330 (shown in FIG. 8) and without 
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6 
having to fill deep trenches. Again, the etch-back process 
350 performed in FIG. 8 reduces the effective aspect ratio of 
the trenches 270B and 270C. Shallower trenches are easier 
to fill, and this effectively reduces the loading effect dis 
cussed above. Consequently, the Surface topography of the 
resulting anti-reflective material 330 is “flatter after the 
second coating process, as shown in FIG. 9. This will lead 
to other improvements in later fabrication steps, as discussed 
in more detail below. 

Referring now to FIG. 10, a photoresist material 370 is 
formed over the portion 330C of the anti-reflective material 
but not over the portions 330A and 330B of the anti 
reflective material. The formation of the photoresist material 
370 may involve one or more spin coating, exposing, 
developing, baking, and rinsing processes (not necessarily 
performed in that order). The photoresist material 370 may 
serve as a protective mask in a Subsequent process. 

Referring to FIG. 11, an additional etch-back process 390 
is performed to partially remove portions 330A and 330B of 
the anti-reflective material in the openings/trenches 270A 
and 270B. Meanwhile, the portion 330C of the anti-reflec 
tive material is protected by the photoresist material 370 and 
remains unaffected by the etch-back process 390. After the 
etch-back process 390 is performed, the height of the portion 
330A of the anti-reflective material in the trench 270A is 
substantially reduced, as is the case for the portion 330B of 
the anti-reflective material in the trench 270B. In other 
words, a significant portion of the trench 270A (and the 
trench 270B) is now unoccupied by the anti-reflective mate 
rial 330, which will allow another conductive material to be 
deposited therein in a Subsequent process. 

Also, since the height difference between the portions 
330A and 330B of the anti-reflective material was already 
minimized as shown in FIG. 10, the height difference 
between them is still small after the etch-back process 390, 
as shown in FIG. 11. Had the height difference between the 
portions 330A and 330B not been minimized, the etch-back 
process 390 may either not remove enough of the portion 
330A of the anti-reflective material in the trench 270A 
(which will adversely affect the subsequent metal filling 
process), or it may lead to an over-etching of the portion 
330B of the anti-reflective material, which may not leave 
enough work function metal 310 in the trench 270B after a 
metal pullback process is performed Subsequently. The 
present disclosure avoids either of these problems by repeat 
ing the coating and etch-back processes, which as discussed 
above reduces the height difference between the portions 
330A and 330B of the anti-reflective material filling their 
respective trenches 270A and 270B. 

Referring now to FIG. 12, a metal pull-back process 400 
is performed to remove portions of the work function layer 
310 unprotected by the photoresist material 370. In some 
embodiments, the metal pull-back process 400 includes an 
etching process where the etchant is configured to remove 
the material of the work function layer 310 without sub 
stantially affecting other materials. As a result of the metal 
pull-back process 400 being performed, portions of the work 
function layer 310 disposed above the ILD layer 220 are 
removed, as well as portions of the work function layer 310 
disposed on the sidewalls of the trenches 270A and 270B. 
The portions of the work function layer 310 in physical 
contact with the portions 330A and 330B of the anti 
reflective material (in trenches 270A and 270B) are not 
removed, however. Thus, the metal pull-back process 400 
forms a work function metal 310A in the trench 270A and a 
work function metal 310B in the trench 270B (as well as a 
work function metal 310C below the photoresist370). These 
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work function metals 270A, 270B, and 270C will serve as 
elements of their respective gate electrodes and help tune a 
work function of the respective gate, so that a desired 
threshold voltage Vt can be achieved. 

Referring now to FIG. 13, the photoresist material 370 is 
removed, for example using a photoresist stripping or ashing 
process. The anti-reflective material 330 is also removed. As 
such, the work function metals 310A, 310B, and 310C are 
exposed. Again, the work function metals 310A and 310B 
inherit the improved height uniformity from the previous 
fabrication stage shown in FIG. 12. In some embodiments, 
the work function metal 310A has a height 410A, and the 
work function metal 310B has a height 410B. Due to the 
multiple coating and etch-back processes performed accord 
ing to the present disclosure, the difference between the 
height 410A and the height 410B is within (or no greater) 
than the height difference 340B (FIG. 9) between the por 
tions 330A and 300B of the anti-reflective material. In other 
words, the height difference 340B may be largely inherited 
by the work function metals 310A and 310B. 

In some embodiments, the height 410A and the height 
410B can be controlled to be within a certain percentage 
from each other. For example, in Some embodiments, the 
height 410A differs from the height 410B by no more than 
60%, or vice versa. For example, if the height 410B is 100 
angstroms, then the height 410A is less than 160 angstroms 
(i.e., +60% of 100 angstroms) and greater than 40 angstroms 
(i.e., -60% of 100 angstroms). In some other embodiments, 
the height 410A differs from the height 410B no more than 
30%, or vice versa. For example, if the height 410B is 100 
angstroms, then the height 410A is less than 130 angstroms 
(i.e., +30% of 100 angstroms) and greater than 70 angstroms 
(i.e., -30% of 100 angstroms). In some embodiments, the 
height 410A and the height 410B are controlled to be 
Substantially equal to one another. It can also be seen from 
FIG. 13 that a height 410C of the portion of the work 
function metal 310C disposed within the trench 270C is 
substantially taller than the heights 410A and 410B. 

Referring now to FIG. 14, a conductive material is formed 
over the work function metals 310A, 310B, and 310C, 
thereby filling the openings/trenches 270A, 270B, 270C. A 
planarization process (e.g., a CMP process) is then per 
formed to remove excessive portions of the conductive 
material (as well as portions of the gate dielectric layer 300) 
outside the trenches 270A, 270B, and 270C. As a result, this 
process forms fill metals 420A, 420B, and 420C, in the 
trenches 270A, 270B, and 270C, respectively. The fill metals 
420A, 420B, and 420C serve as the main conductive portion 
of their respective gates 450A, 450B, and 450C. In various 
embodiments, the fill metals 420A, 420B, and 420C may 
contain materials such as tungsten (W), aluminum (Al), 
titanium (Ti), copper (Cu), or combinations thereof. In some 
embodiments, a blocking layer may also be formed between 
the work function metals 310A, 310B, 310C and the fill 
metals 420A, 420B, 420C, respectively. The blocking layer 
is configured to block or reduce diffusion between the work 
function metal and the fill metal. In some embodiments, the 
blocking layer contains titanium nitride (TiN) or tantalum 
nitride (TaN). 
As a result of the processes performed according to the 

various aspects of the present discussed above, there is 
Sufficient (i.e., not too much or too little) amount of room in 
the trenches 270A and 270B. The fill metals 420A and 420B 
can easily fill the trenches 270A and 270B, and as such the 
resulting gate electrodes will have a desired amount of 
resistance (i.e., not too high or too low). If the processes of 
the present disclosure had not been performed, then it is 
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8 
likely that the work function metal in trench 270A would be 
substantially taller than the work function metal in trench 
270B, and there may not be a sufficient amount of fill metal 
formed in trench 270A, which can lead to degraded resis 
tance of the corresponding gate electrode. Here, the gate 
resistance is improved, for example both the gate electrodes 
in trenches 270A and 270B will have similar and well 
controlled gate resistances). 

It is understood that the coating and etch-back processes 
of the present disclosure may be performed more than twice. 
For example, in Some embodiments, after the second coating 
process is performed (as shown in FIG.9, following the first 
etch-back process 350 performed in FIG. 8) to form addi 
tional anti-reflective material 330, an additional etch-back 
may be performed, followed by a third coating process. At 
that point, the anti-reflective material may have a surface 
topography that is even more uniform. The final etch-back 
process and the Subsequent metal pull-back process dis 
cussed above with reference to FIGS. 11-12 may then be 
performed. In this manner, the coating and etch-back pro 
cesses discussed above may be repeated more than once. 

Additional fabrication processes may be performed to 
complete the fabrication of the semiconductor device 35. 
For example, these additional processes may include for 
mation of conductive contacts for the gates and source/drain 
regions, deposition of passivation layers, formation of inter 
connect structures (e.g., metal lines and vias, metal layers, 
and interlayer dielectric that provide electrical interconnec 
tion to the device including the formed metal gate), pack 
aging, and testing. For the sake of simplicity, these addi 
tional processes are not described herein. It is also 
understood that some of the fabrication processes for the 
various embodiments discussed above may be combined 
depending on design needs and manufacturing requirements. 

It is understood that the fabrication process discussed 
above with reference to FIGS. 1-14 pertain to a “high-k'-last 
gate replacement process. In other words, the gate dielectric 
layer 300 containing the high-k dielectric material is formed 
after the removal of the dummy gate electrodes 120A, 120B, 
and 120C. Alternatively, the concepts of the present disclo 
Sure may also apply to a gate-last gate replacement process, 
where a gate dielectric layer containing the high-k gate 
dielectric material is formed first, and the dummy gate 
electrodes are formed on the high-kgate dielectric material. 
In that case, the removal of the dummy gate electrodes does 
not remove the high-kgate dielectric material, and the work 
function metal layer would then be formed over the high-k 
gate dielectric material. Regardless of whether the "gate 
last approach is used or the "high-k last approach is used, 
the repeated coating and etch-back processes as discussed 
above help reduce the Surface topography unevenness that is 
caused by loading effects. As a result, the formation of the 
fill metal of the gate electrode can still be improved. 

It is also understood that the multiple coating and etch 
back processes discussed above may apply not just in the 
gate replacement context. Rather, the approach of repeating 
the cycle of a coating process followed by an etch-back 
process may be implemented in other semiconductor fabri 
cation contexts, for example in the formation of Vias or 
contacts. Other suitable candidates for the application of the 
present disclosure include situations where loading effect is 
a concern, for example when multiple Small (e.g., narrow) 
openings are formed adjacent to a significantly larger (e.g., 
wider) opening. 

FIG. 15 is a flowchart illustrating a method 600 of 
fabricating a semiconductor device according to embodi 
ments of the present disclosure. The method 600 includes a 
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step 610 of forming a first trench, a second trench, and a 
third trench in a layer over a substrate. The third trench has 
a greater lateral dimension than the first trench and the 
second trench. In some embodiments, the forming of the 
first, second, and third trenches is performed such that the 
lateral dimension of the third trench is at least three times 
greater than a lateral dimension of the first or a lateral 
dimension of the second trench. In some embodiments, the 
forming of the first, second, and third trenches is performed 
such that the lateral dimension of the first trench is substan 
tially equal to the lateral dimension of the second trench. 

The method 600 includes a step 620 of partially filling the 
first, second, and third trenches with a first conductive 
material. 
The method 600 includes a step 630 of coating a first 

anti-reflective material over the first, second, and third 
trenches that are partially filled with the first conductive 
material. The first anti-reflective material has a first surface 
topography variation. In some embodiments, the coating of 
the first anti-reflective material is performed such that the 
first Surface topography variation is caused by a loading 
effect. According to the first topography variation: a first 
portion of the first anti-reflective material disposed over the 
first trench is taller than a second portion of the first 
anti-reflective material disposed over the second trench, and 
the second portion of the first anti-reflective material is taller 
than a third portion of the first anti-reflective material 
disposed over the third trench. 
The method 600 includes a step 640 of performing a first 

etch-back process to partially remove the first anti-reflective 
material. 

The method 600 includes a step 650 of coating a second 
anti-reflective material over the first anti-reflective material. 
The second anti-reflective material has a second Surface 
topography variation that is Smaller than the first Surface 
topography variation. In some embodiments, the coating of 
the second anti-reflective material is performed such that the 
second anti-reflective material has a same material compo 
sition as the first anti-reflective material. 
The method 600 includes a step 660 of performing a 

second etch-back process to at least partially remove the 
second anti-reflective material in the first and second 
trenches. 

The method 600 includes a step 670 of partially removing 
the first conductive material in the first and second trenches. 
After the step 670 is performed, a first portion of the first 
conductive material disposed in the first trench has a first 
height, a second portion of the first conductive material 
disposed in the second trench has second first height. A 
difference between the first height and the second height is 
within a certain percentage of the first height or the second 
height. 

It is understood that additional steps may be performed 
before, during, and after the steps 610-670 of the method 
600. For example, in some embodiments, before the per 
forming of the second etch-back process, a photoresist is 
formed to cover a portion of the second anti-reflective 
material disposed over the third trench. The second etch 
back process removes portions of the second anti-reflective 
material not covered by the photoresist. As another example, 
after the first conductive material is partially removed, the 
method 600 may include a step of completely removing the 
second anti-reflective material and a step of completely 
filling the first, second, and third trenches with a second 
conductive material. The first conductive material is a work 
function metal configured to tune a work function for a gate 
of a transistor, and the second conductive material is a fill 
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metal serving as a main conductive portion of the gate of the 
transistor. As yet another example, the method 600 may 
include a step of, before the forming the first, second, and 
third trenches: forming a first dummy gate, a second dummy 
gate, and a third dummy gate, wherein the first, second, and 
third trenches are formed by removing the first, second, and 
third dummy gates, respectively. 

Based on the above discussions, it can be seen that the 
present disclosure offers advantages over conventional 
methods. It is understood, however, that other embodiments 
may offer additional advantages, and not all advantages are 
necessarily disclosed herein, and that no particular advan 
tage is required for all embodiment. 
One advantage is that the processes of the present disclo 

Sure can reduce the coating loading between different pat 
terns. As discussed above, by repeating the coating of the 
anti-reflective material and then repeating the etch-back 
process, the Surface topography variation of the anti-reflec 
tive material is substantially reduced. This allows the anti 
reflective materials in the trenches to have relatively even 
heights after the last etching-back process is performed, 
which in turn allows the work function metals in the trenches 
to have relatively even heights. As a result, the Subsequent 
fill metal deposition for the metal gate electrode is improved, 
which allows the metal gates to have improved resistance. 
Another advantage is that the processes of the present 
disclosure are compatible with existing fabrication process 
flow, etc. 
One aspect of the present disclosure involves a method of 

fabricating a semiconductor device. A first trench, a second 
trench, and a third trench are formed in a layer over a 
substrate. The third trench has a greater lateral dimension 
than the first trench and the second trench. The first, second, 
and third trenches are partially filled with a first conductive 
material. A first anti-reflective material is coated over the 
first, second, and third trenches that are partially filled with 
the first conductive material. The first anti-reflective mate 
rial has a first Surface topography variation. A first etch-back 
process is performed to partially remove the first anti 
reflective material. After the first etch-back process is per 
formed, a second anti-reflective material is coated over the 
first anti-reflective material. The second anti-reflective mate 
rial has a second Surface topography variation that is Smaller 
than the first Surface topography variation. A second etch 
back process is performed to at least partially remove the 
second anti-reflective material in the first and second 
trenches. After the second etch-back process is performed, 
the first conductive material is partially removed in the first 
and second trenches. 

Another aspect of the present disclosure involves a 
method of fabricating a semiconductor device. A first open 
ing, a second opening, and a third opening are formed in a 
dielectric layer over a substrate. The first, second, and third 
openings have first, second, and third widths, respectively. 
The third width is at least three times wider than the first 
width or the second width. The first, second, and third 
openings are partially filled with a work function metal. The 
work function metal is configured to tune a work function of 
a gate of a transistor. A bottom anti-reflecting coating 
(BARC) material is formed over the work function metal in 
the first, second, and third openings. A first height difference 
exists between a first portion of the BARC material disposed 
over the first opening and a second portion of the BARC 
material disposed over the second opening. A first etch-back 
process is performed to partially remove the BARC mate 
rial. Additional BARC material is formed on the etched 
back BARC material. A second height difference exists 
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between a first portion of the additional BARC material 
disposed over the first opening and a second portion of the 
additional BARC material disposed over the second open 
ing. The second height difference is smaller than the first 
height difference. A photoresist material is formed over a 
third portion of the additional BARC material over the third 
opening. A second etch-back process is performed to the first 
and second portions of the additional BARC material. The 
photoresist material serves as a mask during the second 
etch-back process. Thereafter, the work function metal is 
partially removed in the first and second openings. After the 
work function metal is partially removed, the work function 
metal disposed in the first opening and the work function 
metal disposed in the second opening have a height differ 
ence that is no greater than the second height difference. 

Yet another aspect of the present disclosure involves a 
semiconductor device. The semiconductor device includes a 
substrate. The semiconductor device also includes a first 
gate, a second gate, and a third gate disposed over the 
Substrate. The third gate has a greater lateral dimension than 
the first gate and the second gate. The first, second, and third 
gates include first, second, and third work function metal 
components, respectively. The first, second, and third work 
function metal components are configured to tune a respec 
tive work function of the first, second, and third gates, 
respectively. A height of the first work function metal 
component is within a certain percentage of a height of the 
second work function metal component. 
The foregoing has outlined features of several embodi 

ments so that those skilled in the art may better understand 
the detailed description that follows. Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
and/or achieving the same advantages of the embodiments 
introduced herein. Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
make various changes, Substitutions and alterations herein 
without departing from the spirit and scope of the present 
disclosure. 
What is claimed is: 
1. A method of fabricating a semiconductor device, com 

prising: 
forming a first trench, a second trench, and a third trench 

in a layer over a substrate, the third trench having a 
greater lateral dimension than the first trench and the 
second trench; 

partially filling the first, second, and third trenches with a 
first conductive material; 

coating a first anti-reflective material over the first, sec 
ond, and third trenches that are partially filled with the 
first conductive material, the first anti-reflective mate 
rial having a first Surface topography variation; 

performing a first etch-back process to partially remove 
the first anti-reflective material; 

coating a second anti-reflective material over the first 
anti-reflective material, the second anti-reflective mate 
rial having a second Surface topography variation that 
is Smaller than the first Surface topography variation; 

performing a second etch-back process to at least partially 
remove the second anti-reflective material in the first 
and second trenches; and 

partially removing the first conductive material in the first 
and second trenches. 

2. The method of claim 1, wherein the forming of the first, 
second, and third trenches is performed such that the lateral 
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dimension of the third trench is at least three times greater 
than a lateral dimension of the first or a lateral dimension of 
the second trench. 

3. The method of claim 2, wherein the forming of the first, 
second, and third trenches is performed such that the lateral 
dimension of the first trench is substantially equal to the 
lateral dimension of the second trench. 

4. The method of claim 1, wherein the coating of the first 
anti-reflective material is performed such that the first sur 
face topography variation is caused by a loading effect, and 
wherein according to the first topography variation: 

a first portion of the first anti-reflective material disposed 
over the first trench is taller than a second portion of the 
first anti-reflective material disposed over the second 
trench; and 

the second portion of the first anti-reflective material is 
taller than a third portion of the first anti-reflective 
material disposed over the third trench. 

5. The method of claim 1, wherein the coating of the 
second anti-reflective material is performed such that the 
second anti-reflective material has a same material compo 
sition as the first anti-reflective material. 

6. The method of claim 1, further comprising, before the 
performing of the second etch-back process, forming a 
photoresist to cover a portion of the second anti-reflective 
material disposed over the third trench, and wherein the 
performing of the second etch-back process comprises 
removing portions of the second anti-reflective material not 
covered by the photoresist. 

7. The method of claim 1, wherein the partially removing 
the first conductive material is performed such that, after the 
partially removing: 

a first portion of the first conductive material disposed in 
the first trench has a first height; 

a second portion of the first conductive material disposed 
in the second trench has second first height; and 

a difference between the first height and the second height 
is within a certain percentage of the first height or the 
second height. 

8. The method of claim 1, further comprising, after the 
first conductive material is partially removed: 

completely removing the second anti-reflective material; 
and 

completely filling the first, second, and third trenches with 
a second conductive material. 

9. The method of claim 8, wherein: 
the partially filling the first, second, and third trenches 

comprises filling the first, second, and third trenches 
with a work function metal as the first conductive 
material, the work function metal being configured to 
tune a work function for a gate of a transistor, and 

the completely filling the first, second, and third trenches 
comprises filling the first, second, and third trenches 
with a fill metal as the second conductive material, the 
fill metal serving as a main conductive portion of the 
gate of the transistor. 

10. The method of claim 1, further comprising, before the 
forming the first, second, and third trenches: forming a first 
dummy gate, a second dummy gate, and a third dummy gate, 
wherein the first, second, and third trenches are formed by 
removing the first, second, and third dummy gates, respec 
tively. 

11. A method of fabricating a semiconductor device, 
comprising: 

forming a first opening, a second opening, and a third 
opening in a dielectric layer over a substrate, the first, 
second, and third openings having first, second, and 
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third widths, respectively, the third width being at least 
three times wider than the first width or the second 
width: 

partially filling the first, second, and third openings with 
a work function metal, the work function metal being 
configured to tune a work function of a gate of a 
transistor, 

forming a bottomanti-reflecting coating (BARC) material 
over the work function metal in the first, second, and 
third openings, wherein a first height difference exists 
between a first portion of the BARC material disposed 
over the first opening and a second portion of the 
BARC material disposed over the second opening: 

performing a first etch-back process to partially remove 
the BARC material; 

forming additional BARC material on the etched-back 
BARC material, wherein a second height difference 
exists between a first portion of the additional BARC 
material disposed over the first opening and a second 
portion of the additional BARC material disposed over 
the second opening, wherein the second height differ 
ence is smaller than the first height difference; 

forming a photoresist material over a third portion of the 
additional BARC material over the third opening: 

performing a second etch-back process to the first and 
second portions of the additional BARC material, the 
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photoresist material serving as a mask during the 
second etch-back process; and 

thereafter partially removing the work function metal in 
the first and second openings, wherein after the par 
tially removing, the work function metal disposed in 
the first opening and the work function metal disposed 
in the second opening have a height difference that is no 
greater than the second height difference. 

12. The method of claim 11, wherein the forming of the 
first, second, and third openings is performed such that the 
first width is equal to the second width. 

13. The method of claim 11, wherein additional BARC 
material and the BARC material have identical material 
compositions. 

14. The method of claim 11, further comprising: 
completely removing the BARC material; and 
completely filling the first, second, and third openings 

with a metal material different from the work function 
metal. 

15. The method of claim 11, further comprising, before 
the forming the first, second, and third openings: forming a 
first dummy gate, a second dummy gate, and a third dummy 
gate, wherein the first, second, and third openings are 
formed by removing the first, second, and third dummy 
gates, respectively. 


